The influence of nature of the feed sample, feeding frequency and pore size on the influx of bacteria and protozoa into synthetic fiber bags suspended in the rumens of sheep fed different diets was studied. Counts of total culturable bacteria in bags with a pore size of 10 ,um were less than 30% of the ruminal counts for animals that were fed the lucerne hay and high-roughage diets. The maximum count (62 and 82% of the ruminal count) for these specific diets was obtained by using bags with a pore size of 53 ,um. Protozoal counts in bags with pore sizes of 30 and 53 p.m were equal to or higher than the ruminal counts for the lucerne hay and high-roughage diets but less than half of the ruminal count for the low-roughage diet. An interaction between incubation time, feeding frequency of the host animals, and the microbial populations developing inside the bags was also demonstrated. The results clearly show that the microbial population inside the bag differed from that of the surrounding ruminal ingesta and that caution must be taken in interpreting results on feed evaluation and especially on rates of degradation when using the in sacculus technique. Factors influencing the influx of bacteria and protozoa into bags with different pore sizes and containing a variety of substrates are discussed together with suggestions for the use of this technique.
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The in sacculus, in situ, or synthetic fiber (nylon) bag technique has been used extensively to assess the digestibility of and to determine the rates of degradation of organic matter and protein in feed components or mixtures in the rumen (5, 7, 8, 12, 13, 15, 16, 21, (23) (24) (25) 27) . The popularity of this technique is based on its ability to give apparent estimates of degradation of different nutrients in a simple, convenient, and rapid manner. However, the in sacculus technique is subject to a large degree of variation and also requires kinetic interpretation or mathematical manipulation to yield effective degradation values (11, 19, 20, 26, 31 ; E. R. Orskov and A. Z. Mehrez, Proc. Nutr. Soc. 36:78A, 1977; P. Uden, R. Parra, and P. J. van Soest, J. Dairy Sci. 57:622, A79, 1974). Furthermore, the technique is based on the tacit and critical assumption that the microbial population inside the bags is the same as or closely resembles that in the surrounding ruminal ingesta. This assumption has not been verified and could explain some of the large variation, found when this method of feed evaluation is used. Thus, a study was made of the influence of feed sample, feeding frequency, and pore size on the influx of bacteria and protozoa into synthetic fiber bags suspended in the rumen of sheep fed different diets.
(A preliminary account of this work has been published [22] and forms the subject matter of a dissertation by the senior author [J. H. F. Meyer, Master of Science in Agriculture thesis, University of the Orange Free State, Bloemfontein, Republic of South Africa, 1985] . Two other brief reports on the effect of aperture size on the entry of protozoa into bags have been published [10, 14] freely available at all times. All animals had been on their diets for 3 months before experimentation.
In experiment 1, a group of nine sheep was allocated to three different diets (three sheep per diet) and fed 600 g twice daily at 8 a.m. and 4 p.m. The three diets were (i) lucerne hay, (ii) high roughage (75% maize straw, 10% molasses, 9% fishmeal, 6% mineral mix), and (iii) high concentrate (18% maize straw, 61% maize grain, 10%c molasses, 5.5% fishmeal, 6% mineral mix).
In experiment 2. a group of three sheep fed 600 g of lucerne hay twice daily was used.
In experiment 3, two sheep fed 200 g of lucerne hay at 4-h intervals (daily intake, 1,200 g) were used.
In sacculus procedure. All feed samples were milled to pass a 3-mm sieve, and 7-g amounts were weighed into the bags for ruminal incubation.
Material of six different aperture or pore sizes was studied (5, 10, 13, 20, 30, and 53 [Lm). The material with a nominal pore size of 13 p.m was a woven nylon filter cloth (115013; Henry Simon, Special Products Division Stockport, Cheshire, England). The remaining bags were made of a defined aperture polyester material (see Fig. 1 ) manufactured by Swiss Silk, CH 9425, Thal SG, Switzerland.
The bags (internal dimensions, 180 by 90 mm) were made by using double stitching and sealing the needle holes with waterproof glue. They were suspended in the rumen by attaching a 30-cm nylon line to the bag and the cannula cork; i.e., they were free floating. For the purposes of microbial counts, a 250-ml plastic beaker was cut off 15 mm from the bottom (capacity, ca. 30 ml), inserted in the bottom of the bag, and held in place with an elastic band. This reduced the surface area of the bag by 5 to 10% but allowed rapid collection of unsqueezed samples for protozoal and bacterial counts. After incubation for the required time, the bags were carefully removed from the rumen and untied, and the beaker (containing the residue of the feed sample and associated fluid) was covered with parafilm and placed on ice for transport to the laboratory. After removal of the bags, the contents of the rumen and reticulum were thoroughly mixed by hand, and a representative sample was obtained by immersing a 200-ml beaker below the surface of the ingesta. The whole procedure took less than 15 min from the removal of the first bag from the rumen to its arrival in the laboratory.
Experimental design. Experiment 1. Bags of all six pore sizes were suspended in the rumen of sheep fed the three different diets with the feed sample in the bag corresponding with that fed to the host animal. This was repeated four to five times for each sheep and pore size. The bags were introduced into the rumen just after the afternoon feed and removed just before the morning feed, giving a 16-h incubation period , and appropriate dilutions were inoculated onto rumen fluid-based agar media (17, 22) . To maximize counting precision, three dilutions were inoculated onto different plates (10-7 to 10-9 for total culturable and amylolytic bacteria, 106 to 10-8 for proteolytic and cellulolytic bacteria). A repeating dispenser (Eppendorf Multipette) was used to dispense 10 droplets (20 ,ul Protozoal counts. The sample remaining after the bacterial sample was taken was preserved with an equal volume of 14% (vol/vol) Formalin solution. The preser-ved sample was mixed, sieved through a coarse wire gatuze (aperture size 5 by 5 mm). and stored in plastic specimen bottles. This was diluted 1:10 with anaerobic diluent. and a 2-ml sample was added to 2 ml of glycerol. A portion of well-mixed sample was placed in a calibrated Nageotte counting chamber (0.50 mm; Walter Schreck Erben, Hofheim, Federal Republic of Germany). At least 20 columns were counted for each sample and multiplied to obtain the coLunt per milliliter of ingesta. The counts were made with a microscope (model 2GM: Wild) at a magnification of x9o.
The protozoal species were divided into holotrichs and entodiniomorphs on the basis of morphology (1, 2, 9) . The two groups were further subdivided by size (1, 2). The holotrichs were divided into Dis -wrichla spp. (small) and Isotriclha spp. (large). The small entodinia were mainly Enitodinili)n (clIudatlmll, En todiiiiiii,m simplex, and Enttodininiiii longinucleatuni. The large entodinia were Enitodiniuii biursa. Epidinjiniil ecaidatuidUn, Ostracodinitiun obtuisiunm, and other diplodinia. 0)phrv !oscolex spp. were easily identified, while the Polyp/lastron group included the large ElidiIplodiniumi /tinggii.
RESULTS
Nature of textiles used. The materials were examined microscopically to determine aperture sizes and also the uniformity and distribution of apertures (Fig. 1) . The polyester material was of a very even weave and the apertures of the materials with 30-and 53-,um pore sizes were close to the nominal measurements. The material with the 20-p.m pore size was less uniform but had acceptable dimensions, while Microscopic examination of the defined aperture polyester textile after being reused for four experiments showed no deterioration or change in aperture size while the weave in the nylon material became more irregular.
Effect of basal diet and pore size on the influx of bacteria and protozoa into the bags. The effect of increasing pore size on the microbial population developing inside the bags is clearly shown in Fig. 2 . With sheep fed the lucerne hay diet, <10% of the total culturable bacteria were present in samples incubated in the bags with the 5-and 10-p.m pore sizes when compared with the surrounding ruminal ingesta. Even with the largest pore size studied (53 ,Lm), the counts were only 60% of those in ruminal ingesta. This effect was even greater when the cellulolytic bacteria were compared; there was, in the bag with the 53-pLm pore size, only 18% of the corresponding count in ruminal ingesta. Protozoal counts for the bag with the 5-pm pore size were less than 10% of the count in the surrounding ruminal ingesta, while, in the bags with the 30-and 53-p.m pore sizes they were actually higher than that of the ingesta. A similar trend was found on the high-roughage diet, although protozoal counts were lower and bacterial counts were higher (Fig. 2) . On the highconcentrate diet, the protozoal counts were considerably lower than the ruminal counts even with bags with large pore sizes, while the counts of total culturable bacteria were up to 200% of the ruminal count in the bags with the 53-p.m pore size. Counts of proteolytic and cellulolytic bacteria formed 60 to 80% of the corresponding ruminal count. Counts of bacteria and protozoa in the bags with the 13-pum pore size tended to be higher than those in the bags with the 20-R.m pore size, especially in the lucerne hay and high-roughage diets. These results clearly demonstrate not only the effect of pore size but the influence of basal diet on the migration of bacteria and protozoa into artificial fiber bags suspended in the rumen. They also demonstrate the interaction between numbers of bacteria and protozoa within the bags. Counts of the different groups of ciliate protozoa were also markedly influenced by pore size (Table 1) . With the bags with the 5-and 10-p.m pore sizes the counts of small entodinia (mainly Entodinium caudatum) were drastically reduced when compared with the count in the surrounding ruminal ingesta. This was most marked on the high-roughage and high-concentrate diets. Counts of small entodinia in the bags with the 30-and 53-p.m pore sizes were similar to counts in ruminal ingesta of the sheep that were fed lucerne hay or the high roughage diet. Large holotrichs (Isotricha spp.) were able to enter the bags with the 13-pm nominal pore size because of the large size variation (Fig. 1) . Some of the large protozoa, such as Polyplastron spp. were unable to enter even the bags with the 53-p.m pore size, although they were present in the surrounding ruminal ingesta (data not shown). On the lucerne hay diet, counts of Ophryoscolex spp. inside the bags with the 53-p.m pore size were only 40% of those in the surrounding ruminal ingesta. However, these organisms were found among the protozoal fauna from sheep on the other two diets ( Table 1) .
Effect of incubation time and feed sample on the influx of bacteria and protozoa into the bags. The results of this time course study (experiment 2) showed that, after 4 h of incubation, protozoal counts were about 50% of the maxi- Counts of the different groups of ciliate protozoa showed a trend similar to that described earlier (cf. Table 4 and  Tables 1 and 2 Incuba-Entodinium Holotrichs had been reached (Fig. 4a) . Results obtained for the bag with 13-pLm pore size have been excluded from the figure in view of the large variation in pore size. A calculation was made of the percentage of the surface area which consisted of apertures or pores, and the microbial counts and degradation values were replotted. The relationship between bacterial and protozoal numbers increased linearly as the proportion of the surface area of the bags consisting of pores increased, with a better fit to the experimental data (Fig. 4b) . There was little increase in the percent degradation of DM and N after the percent surface area consisting of apertures was >20%. DISCUSSION It is clear that the basic assumption which underlies the use of the in sacculus technique, namely that the samples inside the bags are subjected to the same microbial activity as the feed in the rumen, is not justified in many cases. This would explain some of the anomolous results and the large variation found when using this technique (18, 27, 28, 32, 37) . The use of bags with a pore size of 10 p.m and less markedly reduced the number of both bacteria and protozoa entering the bags. The reduction in protozoal numbers would have an important effect since they are known to engulf insoluble protein particles and to digest them (1, 2, 3, 7) . Furthermore, the large species such as Polyplastron multivesiciilatum, Eudiplodiniuim maggii, and Ophryoscolex spp., which were largely excluded from the bags, are particularly active in this respect (2, 3) . The present findings also highlight the strong interdependency between the bacterial APPL. ENVIRON. MICROBIOL. and protozoal populations developing inside the bags. When protozoal numbers were high inside the bags, bacterial numbers tended to be low and vice versa. This negative correlation has been well documented in ruminal samples under a variety of conditions (3, 4, 7, 9, 33, 36) . The interaction between the two populations would involve not only predation but also competition for substrate and would be an obvious source of variation in results obtained by using the in sacculus technique. Further research on defaunated animals would be of interest.
The present study showed that bacteria, especially the cellulolytic and proteolytic species, slowly entered bags suspended in the rumen of sheep that were fed lucerne hay twice daily, and the concentration of bacteria was still much less than that of the surrounding ruminal ingesta after 16 h of incubation. This would lead to an extended lag period, a slowly increasing rate of digestion of the sample, and a consequent underestimation of the degradability of DM and N when measurements were made over a short incubation period. Much of the initial disappearance of DM, but especially of N, is probably due to solubility. The fact that bacteria entered bags more rapidly and in larger numbers when the animals were fed more frequently suggests that this is the best procedure to use for in sacculus tests. However, this may introduce a further variable since it is known that fermentation patterns in the rumen of animals fed continuously differ from those fed once or twice daily (34) .
On the basis of size, bacteria should be able to pass readily through even a 5-pLm pore. However, counts inside the bag increased with increasing pore size, reaching a maximum at 30 to 53 p.m in our experiments. The increase in both bacterial and protozoal numbers appeared to be more closely related to the increase in the proportion of the surface area of the bags which consisted of apertures or pores (Fig. 4b) microenvironment would develop inside the bag, depending on the substrate. The fact that cellulolytic bacteria are attached to feed particles, which would enter the bags slowly, probably accounts for the lower cellulolytic counts when compared with the total culturable count.
Results from this laboratory show that there is a strong associative effect between the components of the diet and degradation in sacculus (J. H. F. Meyer, S. I. van der Walt, and H. M. Schwartz, J. Anim. Sci., in press). Calculation of the degradation of DM and protein in mixed diets from the degradation of the components incubated individually in most cases gave markedly lower values than those obtained when the complete diet was incubated. This can be explained by the strong influence of substrate present on the concentration of microorganisms entering and subsequently growing in the bag. It is particularly noteworthy that the concentration of proteolytic bacteria in the bags containing fishmeal alone was less than that in the bags containing maize grain or maize straw after 16 h of incubation. The predominant proteolytic bacteria (Butyrii'ibrio fibrisolvens, Bacteroides ruminicola, Bacteroides amylophilus) require a source of carbohydrate for growth, and, hence, the practice of determining the degradability of the protein-rich components of a diet by incubating them in sacculus individually can give misleading results with components such as fishmeal, meat, and bone meal, which contain little carbohydrate. Thus, caution must be exercised when interpreting results on feed evaluation and especially on rates of degradation obtained by using this technique. The technique is more reliable for evaluating complete mixed diets and roughages especially when they are suspended in the rumen of host animals fed continuously diets similar to that in sacculus. On the basis of present findings, a minimum pore size of 30 lam should be used, and 53 ,um would be preferable since particle efflux is no higher for the large pore size (J. H. F. Meyer, Master of Science in Agriculture thesis, 1985).
In conclusion, circumspection and care should be taken when interpreting results on feed evaluation and degradation by using the in sacculus technique. The results obtained must not be extrapolated beyond the capability of the technique, which is adequate for ranking feeds but not for quantitative estimation of rates. The comparison of the in sacculus technique with various in vivo techniques does not validate either technique, as good agreement is not definitive proof that degradation has been measured accurately (19) . With these limitations in mind, it is unnecessary to discard this simple, rapid, and convenient technique.
